An electromechanical impedance model is applied to the case of a simply supported beam in an infinite rigid baffle with a fluid medium on one side. The effects of the fluid medium are included in the impedance analysis by considering fluid-structure interaction. The use of static and impedance model for structural acoustic analysis is discussed. Various power consumptions of PZT actuator-driven underwater beam structures will be quantified. The analysis discussed in this paper will be used to determine radiated structural acoustic power without using microphones. This work is the first step toward the determination of power requirements for underwater active structural acoustic control. In most, if not all, of the research related to ASAC with induced strain actuators, the investigation of energy consumption has been ignored. For thin beam, plate, and shell structures the energy consumption may not be a concern; however, for larger, complicated structures, such as marine vessels, which may require a great number of relatively large actuators, the power consumed by the actuators may be very significant. High-actuator power consumption signifies large power supplies which are expensive and massive. Reducing the power consumption of the systems, therefore, will reduce both the cost and mass.
INTRODUCTION

Active structural acoustic control (ASAC) using induced strain actuators has recently gained attention as a possible means of controlling low-frequency noise (<1000 Hz
and ASAC of cylindrical shells using PZT actuators (Lester and Lefebvre, 1991; Sonti et al., 1991) . These efforts have been useful in identifying the significant design parameters for an induced strain actuator utilized in an ASAC system (i.e., size, location, thickness, phasing, etc.).
In most, if not all, of the research related to ASAC with induced strain actuators, the investigation of energy consumption has been ignored. For thin beam, plate, and shell structures the energy consumption may not be a concern; however, for larger, complicated structures, such as marine vessels, which may require a great number of relatively large actuators, the power consumed by the actuators may be very significant. High-actuator power consumption signifies large power supplies which are expensive and massive. Reducing the power consumption of the systems, therefore, will reduce both the cost and mass.
In ASAC with PZT actuators, the sound pressure is linearly related to the applied forces and moments. Increasing the sound pressure level in dB is therefore limited by the amount of induced force/moment the actuator can deliver.
The voltage level and power consumption, however, can be significantly reduced by increasing the force/moment output of the actuator for a set electric field. One way of increasing the moment of a bonded actuator without changing the applied electric field is to offset the actuator from the structure (Chaudhry and Rogers, 1992). As an example, consider an actuator configured in such a way as to obtain a 100% increase in induced moment. This increase in moment increases the sound pressure level by only about 3 dB. However, the voltage level needed to maintain the original sound pressure level will drop by 50% and the power consumption can be reduced by up to 75%. Thus, power consumption of actuators should be included as a primary variable in the objective function for optimization of intelligent material systems for active control. This paper uses a generic electromechanical impedance model (Liang et al., 1993a, 1993b), for determining the power consumed by PZT actuators for underwater ASAC.
I. INTRODUCTION TO THE ELECTROMECHANICAL IMPEDANCE MODEL
The electromechanical impedance model considers any electrically driven active structure an electrical and mechanical network system coupled by two-port electromechanical energy conversion devices, i.e., actuators. The electromechanical system behavior may be characterized by its electromechanical admittance and the dynamic interaction forces. The interactions between actuators and structures must be determined based on the dynamic output characteristics of the actuators and the dynamic characteristics of the structure, i.e., the structural impedance. Mass, damping, rigidity, boundary conditions, and acoustic medium all contribute to the impedance of a structure. The model may be used to determine the dynamic response and power consumption of actuators used in active structures.
Extensive experiments have been conducted to verify the electromechanical impedance model. These experiments 
is the eigenfunction of a simply supported beam of length L.
The transverse displacement may be expressed as V= E WmXm(X)exP(itot ). pi(x,t)= w Pi(x,y,t)dy. 
The modal coefficient of the external loading, Pm, for the unit actuator loading can be determined as (Wang, 1991) 2mrr (mrrx2) nrrxl)
Equation ( Once the structural impedance is known, the transmitting force from the actuator, the electro-mechanical admittance of the actuator, and the power consumption of the actuator are computed from the expressions given in Eqs. (1) to (6).
One of the important ideas presented in this paper is that the radiated acoustic power may be determined by measuring the power consumption of the actuators that excite the structures. This concept is straightforward based on energy conservation principles but would be very difficult to experimentally verify. A simple theoretical verification may be conducted by comparing the radiated acoustic power obtained by integrating the far-field acoustic intensity and the one predicted based on the actuator power consumption calculation. The radiated acoustic power may be easily determined once W m is obtained from Eq. (23) using the techniques discussed in Roussos (1985) .
Since the acoustic power is proportional to the square of the excitation force, the actual acoustic power can be found power dissipated due to structural damping and acoustic radiation (the solid line in Fig. 5) . If the experiment is conducted in a vacuum, which eliminates the influence of acoustic radiation on power dissipation, the measured structural loss characteristics can be used to modify the solid line in Fig. 5 to calculate radiated acoustic power. This will be an acoustic measurement without using microphones and may be important in underwater structural acoustic control where using far-field microphones to provide error signals is not practical.
Vl. CONCLUSIONS
This paper extends the electromechanical impedance approach for analyzing the energy transfer and power consumption in active material systems to the case of acoustic radiation in the presence of a fluid. The approach uses a structural impedance method to find radiated acoustic power and power consumption. The numerical results demonstrate the significance of accounting for fluid coupling when determining the structural impedance of systems and the power consumption of actuators used in intelligent material systems. In addition, the numerical results show the inadequacy of static models for predicting dynamic response and power consumption. The capability to analyze the power consumption and energy transfer of actuators utilized in underwater acoustic control will enable the design of more energyefficient active control systems.
